Study Objectives: To evaluate caries, gingival and periodontal status, and oral health-related quality of life (OHRQoL) in children with high risk of sleep-disordered breathing (SDB) in comparison to those with low risk of SDB.
INTRODUCTION
Sleep-disordered breathing (SDB) comprises a group of disorders characterized by abnormal respiratory patterns and ventilation. The prevalence of SDB in children is approximately 2% to 5%.
1,2 SDB ranges from primary snoring to obstructive sleep apnea (OSA). OSA is characterized by a partial or complete collapse of the upper airway during sleep, resulting in partial or complete cessations of breathing (hypopnea, apnea), leading to the disruption of normal sleep architecture and oxygen desaturation. 3, 4 OSA has a serious effect on the growth and development of a child; if untreated, OSA may lead to significant morbidity including vascular and metabolic disorders and neurocognitive dysfunction, ultimately leading to reduced quality of life and increased medical expenses. 5, 6 Oral diseases are major public health issues as a result of considerable function impairment, reduced quality of life, and the costly treatment. 7 Cumulative evidence supports a link between systemic diseases or health complications and oral diseases. 8 Contrary to the well-studied systemic complications, the risk of oral complications in children with SDB is not well recognized. In fact, only one study investigated the oral health of Saudi children (3 to 8 years) with snoring and clinically diagnosed OSA. A lower prevalence of dental caries, plaque deposition, and gingival inflammation compared to healthy controls was reported. However, the investigators only targeted younger children with mainly primary dentition, and did not look into risk factors associated with caries, such as socioeconomic status. 9 Because failure to recognize oral health complications in children with SDB can increase the personal and economic burden for affected individuals, their caregivers, and community, further investigations of oral health issues are warranted in this pediatric population Children with SDB have oral manifestations such as tonsillar hypertrophy, narrow dental arches, macroglossia, malocclusion, and mouth breathing. 10, 11 In spite of the extensive description of these manifestations as key findings for SDB diagnosis, there is little understanding of their consequences on the oral health of the affected population. Snoring and OSA accompanied by unhealthy open mouth breathing are known to cause dry mouth, which if untreated can have detrimental effects on oral health.
12-14 Acar et al. found that longer duration of snoring leads to increased exposure time to a dry mouth, and therefore poor oral health in adults. 15 Dry mouth can also occur during treatment of patients with OSA using continuous positive airway pressure devices. 16 Tsuda et al. reported that 40% of adults on continuous positive airway pressure for OSA have poor oral health. 17 Moreover, recent studies have shown that OSA can activate various inflammatory processes, which when coupled with a dry mouth,
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increase the risk and severity of periodontal disease in adult patients with OSA. 18, 19 The improvement of the dental health of all children is recognized as a global public health concern. 20 Thus, it is imperative to identify children at high risk for caries and implement early oral health preventive strategies to reduce the burden of dental care. To date, studies investigating the oral health status in adult patients with SDB are limited, and data for children are scarce. Therefore, the purpose of this study is to compare the oral health status of a group of children at risk of SDB with that of healthy children. Information gleaned from this study may prompt more rigorous attention to the oral health of the SDB population.
METHODS
Study Design
This cross-sectional study was conducted at a university-based pediatric dental clinic at the University of Washington between October 2016 and January 2017. We approached potential subjects at the time of their routine dental checkups. Inclusion criteria required that the subject was 8 to 17 years old at the time of enrollment, in good overall health, and did not have active orthodontic treatment within the past year. Children and their caregivers were also required to be fluent in English. The following exclusion criteria were applied: subjects with craniofacial diagnoses; systemic conditions (eg, arthritis); neurologic disease; or cognitive impairment compromising their ability to maintain good oral health. The study was approved by the University of Washington Institutional Review Board with written informed consent/assent obtained from each participant and/or their legal representative, as appropriate.
Questionnaires
After consenting/assenting to participate, caregivers were asked to complete the Pediatric Sleep Questionnaire (PSQ) to determine whether their child was at risk for SDB. 21 This validated questionnaire consists of 22 items forming 3 distinct domains: snoring, daytime sleepiness, and related behavioral disturbances, an overall score of at least 8 indicates positive SDB symptoms. The PSQ was developed as a research tool only, and thus no clinical care recommendations are standardized for results of this questionnaire. Participants with abnormal PSQ scores or stated concerns were advised to bring their concerns to the primary care providers. The subjects' oral health-related quality of life (OHRQoL) was assessed based on the answers given by the children and their caregivers to the Child Oral Health Impact Profile (COHIP) questionnaire. 22 This validated questionnaire consists of 35 items forming 5 conceptually distinct domains: oral health (oral symptoms such as teeth pain, or sensitivity and oral sores), functional well-being (the child's ability to perform specific everyday activities), social/ emotional well-being (peer interactions and mood states), school environment (assignments associated with the school environment), and self-image (positive feelings about self). The COHIP used Likert-type scales where "never" = 0; "once or twice" = 1; "sometimes" = 2; "often" = 3; and "very often" = 4.
For some items, the scale was reversed to consistently make a higher score indicative of bad oral health. A subscore for each of the five COHIP domains and an overall total COHIP score were calculated. For the overall scores, higher scores reflect worsened OHRQoL. Patient demographics such as age, sex, and parental education were gathered as a part of the COHIP questionnaire completed by the caregivers.
Dental Examination
The clinical examinations were carried out by the same trained dentist (BT), who was blinded to results of the PSQ. The examinations were conducted using a dental mirror and a ball-ended periodontal probe. Intraexaminer reliability was measured and an intraclass coefficient threshold of 0.87 was reached. Oropharyngeal soft-tissue features and dental occlusion were recorded. Soft palate morphology was classified according to the Mallampati classification. 23 Tonsil size was classified according to the Brodsky score. 24 The recorded variables for dental occlusion included molar occlusion (I, II or III), overjet (in millimeters), overbite (percentage), and crowding. 25 The diagnosis of dental caries was based on the detection of carious lesions at the cavitation stage, as recommended by the World Health Organization. 25 Decayed, missing, and filled surfaces scores (DMFS for permanent teeth, dmfs for primary teeth) were used. 25 The periodontal examination was performed for the Ramfjord index teeth (tooth number: 3, 9/F, 12/I, 19, 25/P, 28/S), separate recordings were made for the four smooth surfaces of these teeth, and an average tooth score was then recorded. 26 Two periodontal indices were measured to assess periodontal status: (1) bleeding on probing, an indicator of the periodontal condition and disease progression recorded after stimulating the region where gingiva and teeth come into contact with each other by a periodontal probe; and (2) probing depth, defined as the distance between the gingival margin and the bottom end of the periodontal pocket, a probing depth greater than 2 mm is typically considered to be abnormal. 27 
Statistical Analyses
Data were summarized using frequency for qualitative variables and mean and standard deviation for quantitative variables. Subjects were initially stratified by risk of SDB, with those scoring at least 8 on the PSQ as high risk for SDB (SDB+) and those who scored below 8 as low risk for SDB (SDB−). Comparisons between the SDB+ and SDB− groups were carried out by either chi-square tests or t tests. Linear and logistic regression analyses were carried out to assess the effect of various variables on the different outcomes in the study. The level of significance was set at P < .05. All statistical analyses were carried out using the SPSS 22 statistical software package (SPSS, Inc., Chicago, Illinois, United States).
RESULTS
A total of 123 patients were enrolled. Mean age was 11.5 ± 2.7 years, and females constituted 48% of the sample. Thirteen percent of the participants had a body mass index for age over the 85th percentile-consistent with overweight/obesity. This likely reflects the general demographic of the area, but may also reflect a recruitment bias in that those with perceived sleep concerns would more likely agree to participate in the study. Only 17% of children had health problems, with most of those children reporting a history of asthma (55%) or attentiondeficit hyperactivity disorder (35%).
Approximately half of the children were categorized into the SDB+ group based on PSQ score. According to caregiver responses, the SDB+ group experienced significantly more behavioral symptoms, snoring, and daytime symptoms than the children in the comparison group ( Table 1 ). All children with SDB (100%) suffered from behavioral symptoms, 90% were snorers, and the most frequently reported symptom was waking up with dry mouth (100%). The frequencies of demographic and health-related variables assessed by SDB status are presented in Table 1 .
A comparison of the mean COHIP scores of the study and the comparison groups revealed a statistically significant difference between four of the five subscales as well as the average total score, with the SDB+ group having higher mean scores than the control group ( Table 2) , consistent with Values are presented as n (%) unless otherwise indicated. * = the level of significance was set at P < .05. BMI = body mass index, SD = standard deviation, SDB = sleep-disordered breathing.
worse OHRQoL. No statistically significant differences were found between caregivers' and children's responses for overall COHIP, or for any of the subscales. In the logistic regression analysis, dmfs (β = .252, P = .001), DMFS (β = .215, P = .01), weight (β = .214, P = .01) and Brodsky score (β = .234, P = .001) were significantly and positively associated with the COHIP score.
The result of the dental examination revealed that children with SDB were more likely to have overbite greater than 50% (22% versus 11%, P = .05), anterior crowding (68% versus 23%, P < .001), Mallampati scores of II or higher (65% versus 23%, P < .001), and Brodsky scores of II or higher (66% versus 31%, P < .001). There were no statistically significant differences in the prevalence of other oropharyngeal or orthodontic findings between SDB+ and SDB− groups. The prevalence of dental malocclusions and other oropharyngeal characteristics are presented in Table 3 .
The overall caries prevalence was 60% in the SDB+ group and 20% for the SDB− group, P < .01. The mean of decayed, missing, filled primary surfaces (dmfs) was significantly higher among the SDB+ group (10.3 ± 11.6 versus 3.3 ± 5.1, P < .001). Similarly, the mean of decayed, missing, filled permanent surfaces (DMFS) was significantly higher among the SDB+ group (15.7 ± 15.7 versus 3.7 ± 6.2, P < .001) (Figure 1) . The mean of periodontal pocket of sextants was significantly higher among the SDB+ group compared to the SDB− group (2.0 ± 1.0 versus 0.0 ± 0.7, P < .0001). Likewise, the percentage of sextants exhibiting bleeding upon probing was significantly greater among children with SDB (90% versus 20%, P < .0001) (Figure 2) . The results of the regression analysis showed that Brodsky scores were positively and significantly associated with each of the measured outcomes (ie, dmfs scores, P = .005; DMFS scores, P = .05; pocket depth, P = .02; and bleeding on probing, P = .05), whereas having dental insurance was negatively and significantly associated with pocket depth (P = .01) and bleeding on probing (P = .005).
DISCUSSION
In this community-based study we recorded a higher than previously estimated prevalence of SDB and parent-reported SDB symptoms in children. This study has also provided important baseline information on oral health status and the OHRQoL of children with SDB. SDB in children is associated with significant morbidities affecting the central nervous, cardiovascular, and metabolic systems, and growth. 5, 6 The findings of this study suggest that children with SDB experience poorer oral health than their peers. This information should prompt further investigation of oral health in the SDB population. It suggests that increased surveillance and treatment of SDB might improve oral health disparities in children.
Our study showed for the first time that SDB is associated with worse OHRQoL of children. We found that children with SDB have higher COHIP scores than control children for overall COHIP score, and for the oral health, functional wellbeing, and social-emotional well-being subscales. Intriguingly, based on the regression analyses, dental caries and adenotonsillar hypertrophy were significantly associated with higher COHIP score (ie, poor OHRQoL) in children with SDB. Our findings on the association of caries with OHRQoL are similar to those reported in previous studies. 28, 29 This may be explained by the fact that oral conditions such as dental caries can cause pain, discomfort, dysfunction, malnutrition, and inability to concentrate. 29, 30 The literature suggests a significant negative effect of adenotonsillar size on OSA symptoms, quality of life, and general well-being in children 31, 32 ; however, this is the first study to report the association between adenotonsillar size and the OHRQoL. Here we also reported a positive association between increasing body mass index and poor OHRQoL. Interestingly, despite the growing and significant literature on the effect of obesity on oral health, 33 there is scarce literature on the effect of obesity on OHRQoL in the adult population 34 and none in children. Self-image 1.4 ± 2.5 3.1 ± 3.0 < .001*
Values are presented as mean ± standard deviation. * = the level of significance was set at P < .05. COHIP = Child Oral Health Impact Profile, SDB = sleep-disordered breathing.
Despite the fact that dental caries is preventable, it is still the most common childhood chronic disease. According to the United States Centers for Disease Control and Prevention, the percentage of children aged 5 to 19 years with at least one untreated cavity is 18.6%. 35 Our analyses suggest that children with higher risk of SDB are at increased risk for dental caries and periodontal disease (ie, inflammation of tissues surrounding the teeth). In fact, caries prevalence in children at high risk of SDB is three times higher than what is reported in the United States general population. This observation is consistent with what other investigators have reported in adults with OSA. 19, 36, 37 Inconsistently, Al-Hammad et al. reported lower prevalence of dental caries and periodontal disease among Saudi children with OSA and snoring compared to control. 9 A possible explanation for the difference between our findings might be the age of the subjects as they only included children 3 to 8 years old. They recruited children with OSA from an ear, nose, and throat clinic and the control subjects from dental clinic. This could explain the higher prevalence of dental caries observed in the control group. Also, they did not take into account demographic or orofacial characteristics, nor did they investigate SDB in their control group.
Although the mechanism is not clear, dental disease and SDB share common risk factors that may increase the likelihood of both conditions. Several studies have shown that people with OSA have an excessive inflammatory response, Values are presented as n (%). * = the level of significance was set at P < .05. SDB = sleep-disordered breathing.
indicated by increased expression of leukocytes, cytokines, and other inflammatory substances in their upper airway tissues. 38 The subsequent inflammation can induce swelling and structural changes such as adenotonsillar hypertrophy, thereby narrowing the upper airway passages and leading to upper airway obstruction. Mouth breathing and dry mouth are associated with adenotonsillar hypertrophy, and patients who snore or have OSA have a common clinical finding of dry mouth. Moreover, one of the side effects of the use of a continuous positive airway pressure device (common choice of therapy in treating pediatric OSA) is oral and nasal dryness. 16 Several studies have demonstrated that people who mouth breathe face increased risk of dental caries, gingivitis, and other oral infection. 39 Interestingly, adenotonsillar hypertrophy (reflected by Brodsky score of II or more) was a positive predictor for dental caries and gingival bleeding in our study. Additionally, 100% of the children with SDB in our study were mouth breathers. Therefore, increased inflammatory response and dry mouth could be hypothesized to link SDB, caries, and periodontal diseases. In our study, lack of dental insurance was a strong primary predictor of poor oral health. It is well known that dental insurance is a strong predictor of access to dental care and therefore reduces the prevalence and severity of dental diseases. 40, 41 Thus, increasing the awareness of oral health disparities in the pediatric SDB population is a necessary prerequisite to improving the oral health of this population. There are some limitations in this study. The first limitation is inherent to a cross-sectional design, which does not allow determining causality between the predictors and the outcome. The second is the sample in this study was selected using convenience sampling, which may affect the generalization about the entire population. Additionally, SDB symptoms and the effect of SDB on the children's OHRQoL were both measured using child and caregiver's questionnaires. Thus, the answers to the questionnaires may have been subject to information bias. However, we used validated questionnaires to minimize this bias. Despite the limitations, the current study provides relevant and unprecedented data suggesting higher caries susceptibility, poor periodontal health, and negative effect on OHRQoL among children with SDB.
Clinicians and caregivers should be aware that children with SDB may experience poorer oral health than unaffected peers, and consider tailored preventive regimens for this population. Public health advocates should also take into account the possible effect of SDB on pediatric oral health, implementing policy directed toward improving all aspects of quality of life for these patients.
